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(54) Lift station and method for shallow depth liquid flows 


(57) A lift station (10) and method for lifting liquid 
and chips flowing in a shallow stream trough to a higher 
level for further handling by rotation of a bladed wheel 
(14) In a housing (12) arranged to receive the liquid flow 
stream. The rotating blades (28) cause the liquid to be 
swept up a forward housing wall (34) and to be slung off 


the blades (28) into an upwardly and backwardly ex- 
tending exit chute (42), having sufficient momentum to 
reach and pass over a weir edge (40) at the upper end 
of the chute (42), the liquid then directed into a collection 
tank (48) where it may accumulate to a much greater 
depth than the depth of the flow stream. 
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Description 

Background of the Invention 

[0001] This invention concerns equipment and meth- 
ods for circulating liquids generated in Industrial 
processing, such as the cutting fluids used in machine 
tools during the machining of parts. 
[0002] In the large scale production of machined 
parts, such as automotive engine parts, it is a common 
practice to arrange a series of machine tools along a 
transfer line, with parts transferred down the line for step 
by step completion of the necessary machining opera- 
tions on the parts. Cutting fluid is directed at the tools 
doing the cutting of metal for cooiing, lubrication, and to 
carry off the chips and other debris generated by the 
machining of the part. The cutting fluid drains down from 
each machine tool carrying the chips and other debris 
with il into a collection trench. The collected cutting fluid 
liquid moves down the trench carrying the chips, etc. to 
a sump, from which the mixture Is pumped and directed 
to filtration equipment for removal of the contaminants, 
and then recirculated to the machine tools for reuse 
[0003] In the past., below grade trenches were com- 
monly used, with sloping trench bottoms causing gravity 
flow of the collected liquid and entrained chips down the 
length of the trench, the flow sometimes assisted with 
pumped jets of liquid. 

[0004] I n recent years, below grade trenches have be- 
come disfavored due to the cost of excavating and lining 
the trenches with metal plates, as well as the difficulties 
encountered when a reconfiguration of a plant floor plan 
becomes necessary, and also because of the potential 
for hard-to-detect leaks occurring, possibly contaminat- 
ing the soil beneath the plant. 

[0005] Above grade troughs have thus been recently 
adopted, as for example, as shown in U.S. patent 
6,980,735, issued to the present inventor. 
[0006] The manufacturers wish to avoid raising the 
machine tools above normal working heights so that 
plant personnel do not have to climb onto raised plat- 
forms to replace tools or perform maintenance. 
[0007] These constraints impose certain limitations 
on the collection trough system as there is only limited 
above grade vertical space available beneath the ma- 
chines, and typically liquid drains from a number of ma- 
chines into a common trough. A sufficient flow rale must 
be maintained to can^ the chips and other debris down 
the trough, and this also limits the height of the trough 
bottom and the depth of liquid at the downstream end 
as there must be adequate slope to achieve the flow ve- 
locity required to carry off the chips. The result is a quite 
shallow depth stream of liquid flow at the downstream 
end of the trough. 

[0008] It is difficultto reliably pump out liquid and chips 
from a shallow stream of liquid, as pumps will lose prime 
as the depth of flow at the trough end and rises and falls. 
It is critical that the flow be constant, as even momentary 


back ups will cause the chips carried by the flow stream 
to pile up, and if too many chips pile up, these will not 
be carried away when the flow resumes. 
[0009] Such machine tool systems operate continu- 

5 ously for many hours or days at a time while producing 
a sporadic volume of collected liquid, and as it is imprac- 
tical formost to run dry, starting and stopping the pumps 
would be necessary, aggravating any tendency for a 
pump to lose prime. 

10 [0010] One possible approach to this problem is to 
draw out the liquid and chips with a vacuum suction cre- 
ated by a draw tube connected to a vacuum tank, as 
described in applicants prior U.S patents 5,593,596 and 
5,486,380, which also shows providing individual sumps 

*5 at each machine tool, 

[0011] This approach Is effective for moderate flow 
volume systems, but for high volume installations, I.e., 
those generating volumes on the order of 1000 g.p.m., 
the piping and tank sizes become impractically large. 

20 Furthermore, there are difficulties in maintaining a suf- 
ficient vacuum in a large tank where air may periodically 
be vented into the tank without sometimes developing 
vacuums too low to maintain evacuation of the sumps. 
[0012] Another approach would be to provide a below 

25 grade gravity collection sump at the downstream end of 
the trough, but as noted, below grade pits are undesir- 
able, and chips and other solids tend to settle out in such 
pits, requiring periodic maintenance. 
[0013] It is the object of the present invention to pro- 

30 vide a lift station and method which is capable of very 
reliably handling such shallow depth varying volume liq- 
uid flow streams canying debris, without the occurrence 
of even momentary stoppages of the flow stream. 

35 Summary of the Invention 

[0014] The above object as well as others which will 
become apparent upon a reading of the following spec- 
ification and claims, are achieved by arranging a lift sta- 

^0 tlon comprised of a bladed wheel and housing at the 
downstream end of the trough. The housing is connect- 
ed to the trough end so as to receive the flow stream 
into an inlet opening, and passes it into a slightly down- 
wardly inclined surface defined by the inside of a hous- 

45 ing bottom wall. The bladed wheel Is oriented so that Its 
outwardly extending blades are shaped in conformity to 
the housing section, and sweep down the inclined sur- 
face in the same direction as that of the flow stream, 
tending to sweep the incoming liquid and debris down 

so the inclined surface. The housing bottom wall blends in- 
to to a curving perimeter wall at the rear of the housing 
which extends upwardly and towards a reversely in- 
clined exit chute. The bladed wheel is rotated with suf- 
ficient speed such that the liquid swept along with the 

55 blades is slung out from the blades and into the exit 
chute with sufficient velocity so that the liquid has 
enough momentum to reach a weir edge at the upper 
end of the exit chute. The blades are preferably raked 
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back tRngentiRlly to insure that the liquid is not captured 
by the blades and is readily siung out as the blades ro- 
tate over the top of the wheel hub. 
[0015] Any liquid which does not reach the weir edge 
flows back downwardly onto a surface defined by a 5 
housing front wall which has a forwardly extending bot- 
tom lip which redirects the liquid flow in the same direc- 
tion as that of the incoming flow stream to again be di- 
rected upwardly as the wheel blades carry the liquid 
around again. This additional momentum in a forward 
direction insures that a velocity of the redirected liquid 
will be achieved sufficient to reach the weir edge. 
[0016] The liquid flowing over the weir edge flows into 
an outlet chute and thence into a collection tank, able to 
be filled to a level such that It can easily be pumped to 
a filtration apparatus. A chip shredder/conveyor can be 
mounted in the outlet chute to reduce the chip size for 
easier subsequent handling. 

[0017] As noted, the blades are preferably mounted 
to extend tangentially back from the direction of rotation 
to improve lifting performance, but this also will allow 
deflection if solid objects dropped into the liquid flow and 
reach the bladed wheel, and these objects thus can be 
accommodated without breakage of the blades or stop- 
page of the wheel. 

[0018] Several of the bladed wheel and housing de- 
vices can be used to lift liquid flows through successive 
inclined trough sections extending over the same level. 

Description of the Drawing Figures 

[0019] Figure 1 is a side view in partial section of a 
liquid lift station including a bladed wheel and housing, 
together with a fragmentary portion of an associated 

trough, and a collecting tank. 

[0020] Figure 2 is a plan view of the apparatus of Fig- 
ure 1 . 

[0021 ] Figure 3 is a front view of the bladed wheel and 
housing shown in Figures 1 and 2. 
[0022] Figure 4 is a diagrammatic side view of the liq* 
uid lift station of Figure 1 with other associated machine 
tool and filtration equipment. 

[0023] Figure 5 is a diagrammatic view of the lift sta- 
tion of Figure 1 with an optional chip shredder/conveyor. 
[0024] Figure 6 is a diagrammatic view of a series of 
troughs arranged together with a liquid lift device ac- 
cording to the Invention installed at the downstream end 
of each trough. 

Detailed Description 

[0025] In the following detailed description, certain 
specific terminology will be employed for the sake of 
clarity and a particular embodiment described in accord- 
ance with the requirements of 35 USC 112, but it is to 
be understood that the same is not intended to be lim- 
iting and should not be so construed inasmuch as the 
invention is capable of taking many f onms and variations 


within the scope of the appended claims. 
[0026] Referring to the Drawings, and particularly Fig- 
ures 1 -3, the liquid lift station 1 0 according to the present 
invention includes a housing 12 and a bladed wheel 14 
rotatably mounted therein, driven by a motor 1 6 (Figures 
2. 3). 

[0027] The downstream end of a gravity trough 18 
having a downwardly sloping bottom 20 is connected to 
an Inlet flange 22 at the right side of the housing 12. 
[0028] The housing 12 has an inlet opening 24 receiv- 
ing liquid and entrained chips flowing In a shallow depth 
stream down the length of the trough 18, typically only 
a few inches deep. 

[0029] The bottom wall 26 of the housing 12 is also 
inclined downwardly to keep the liquid flowing into the 
housing interior, where a series of blades 28 are mount- 
ed to a hub here comprised of a drum 30 fixed on a ro- 
tatable axle shaft 32, supported by bearing caps 34 fixed 
to sidewalls 36 of the housing 12. 
[0030] The blades 28 are welded or bolted to angle 
pieces 27 welded to the drum 30, optionally having in- 
terposed resilient sheets 29 in order to allow deflection 
when a large object enters the housing 12. The blades 
28 may be constructed of 1/4 inch thick sheet steel to 
be substantially rigid. Alternatively, thinnergauge spring 
steel or blue steel material can be used which will be 
deflectable without the interposed resilient sheets 29 to 
achieve the same result. 

[0031] The blades 28 extends outwardly from the 
drum 30. in a direction tangential to the axis of rotation 
defined by the axle 32, and in a direction opposite to the 
direction of rotation, i.e., are backwardly raked to be ori- 
ented in a trailing direction. The backward rake of the 
blades 28 Is believed to assist In obtaining improved up- 
ward slinging of the liquid and chips from the blades 28 
as they accelerate the liquid by the development of cen- 
trifugal force to velocity sufficient to reach a wear edge 
42, 

[0032] Since there is an inherent unequal distribution 
of liquid being moved by the various blades, It has been 
found that reasonably smooth rotation is achieved by a 
set of eight blades as shown, although fewer or more 
could be used. 

[0033] The blades 28 are shaped In close confomiity 
to the cross sectional shape and size of the housing 12, 
i.e., In this embodiment the blades are rectangular as 
seen in Figure 3 about 24 inches wide, with only minimal 
edge clearances, I.e., on the order of 1/8th of an inch 
between the sides and ends and the adjacent trough 
walls. The cross sectional shape of the housing 12 in 
turn is matched to that of the trough 16. 
[0034] Collection troughs 18 which underiie a series 
of machine tools (Figure 4) are typically square or rec- 
tangular in cross sectional shape due to the lack of avail- 
able clearance in order to maximize flow area. Where 
space is not so limited, as In below grade trenches, or 
in other above grade trough applications, a radiused 
bottom shape is employed to reduce frictional losses. 
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The housing 12 and the blades 28 could be shaped In 
conformity accordingly. 

[0035] The housing 1 2 curves upwardly from the bot- 
tom wall 26 to a radiused rear wall 34. extending above 
the level of the shaft 32, which extends into an upwardly 
and backwardly extending segment 36 (which can also 
comprise an access panel). The Inner surface of the wall 
34 follows the path of the outer edges of the blades 28 
as the wheel 14 rotates. 

[0036] The panel segment 36 and an opposite seg- 
ment 38 define an exit chute 42 extending to a weir edge 
40 over which liquid and chips are slung by rotation of 
the blades 28, weir edge 40 at a height well above the 
level of the trough bottom 20 and housing bottom 26. 
[0037] The present inventor has discovered that the 
backward Inclination of the outlet chute 42 extending 
back towards the front of the housing 12 is necessary 
to be generally aligned wit the direction that the liquid is 
thrown off the blades 28 by rotation of the bladed wheel 
28, as afonvard inclination defeats upward flow of the 
liquid even with increased rotational speed. That Is, liq- 
uid will be thrown backwardly when coming off the 
blades 28. 

[0038] A certain minimum speed is necessary greater 
than the velocity of the flow stream, depending on the 
lift height required, an outer edge speed of 12-15 feet 
per second having been found to be sufficient for the 

application described. 

[0039] The rotating trailing blades 28 overtake the liq- 
uid flowing in from the trough 1 8 and down the inclined 
housing bottom 26, and sweeps the liquid fonward. This 
is accomplished without even any momentary inten-up- 
tion up of the liquid flow, and chip in the trough 1 8 which 
could cause the chips to settle out and pile up, causing 
a rapid build up which might not be cleared away when 
flow resumes. 

[0040] Initially, the inertia of the liquid causes it to be 
moved inward along the blade forward surface, i.e., ra- 
dially inwardly. To limit the extent of this radially inward 
flow, a large diameter drum 30 is desirable rather than 
a small diameter shaft. As the liquid captured by the 
blade 28 Is accelerated, centrifugal force subsequently 
causes radially outward movement of the liquid at an 
increasing velocity until achieving sufficient outward 
momentum so as to be slung from the blade 28 in the 
approximate direction in which the chute 42 extends, i. 
e.. opposite the direction of inflow of liquid into the hous- 
ing 12, passing over the weir edge 40. The trailing ori- 
entation of the blades 28 is believed to assist in slinging 
of the liquid and chips off the blades 28 in an upward 
direction, 

[0041 ] A fonward housing wall 42 extends downwardly 
and then curves fonwardly at its terminal lip 44. 
[0042] Any thrown liquid which does not reach and 
pass over the weir edge 40 drains down the forward wall 
42 and is redirected towards the direction of the stream 
inflow, with momentum added in the forward direction of 
rotation of the blades 28, such as to be more likely to 


achieve sufficient upward momentum when again 
thrown off the blades 28 so as to reach the weir edge 40. 
[0043] Liquid passing over the weir edge 40 enters a 
collection chute 46 extending at right angles to be di- 
5 rected into a collection tank 48 disposed along sides. 
The tank 48 has inclined bottom walls as shown in Fig- 
ure 2 to eliminate dead zones which would rapidly fill 
with settled out chips. 

[0044] The collection tank 48 can be filled to the much 

10 higher level of the weir edge 40. 

[0045] The liquid and chips can be pumped out of the 
collection tank 48 with a conventional pump 50 as to a 
filtration system 52 (Figure 4). Figure 4 shows diagram- 
matically a series of machine tools 54 with the trough 

15 1 8 collecting cutting fluids and chips drawing from each 
machine tool 54. 

[0046] As seen in Figure 5. a chip conveyor/shredder 
56 can be mounted In the discharge chute 46 so that 
large chips can be reduced to small size for easier 

20 pumping by pump 52. 

[0047] Another application of the lift device 10 is 
shown In Figure 6, in which a series of troughs 1 8A, 18B, 
1 8C are arranged end to end, with lift devices 1 0A, 1 0B 
arranged to lift the liquid and to discharge the same into 

25 the next downstream trough 1 8. 

[0048] The lift station bladed wheel can be left running 
continuously and will instantly resume its lift action 
whenever liquid flows occur There will be no start up 
problems nor any need to regain "prime" as with con- 

30 ventional pumps. 


Claims 

1. A lift station for lifting a liquid flowing In a shallow 
depth stream within a flow channel, said lift station 
comprising: 

a housing having an inlet opening connected to 
said channel to receive said flowing stream of 
liquid onto a bottom wall of said housing; 
a bladed wheel rotatably mounted within said 
housing and a drive motor for rotating said blad- 
ed wheel therein; 

said bladed wheel having a plurality of outward- 
ly extending blades attached to a hub structure, 
said blades generally conforming to the cross 
sectional shape of an interior shape in said 
housing receiving said stream of flowing liquid 
and rotated in the same direction of said stream 
flow, said blade each having an outer edge 
passing over said bottom surface and sweep- 
ing said liquid in said stream therealong; 
said housing interior space defined by a rear 
wall surface curving upwardly along the path 
which said outer edges of each of said blades 
move so as to enable liquid to be swept the- 
realong and upwardly by rotation of said bladed 
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wheel; 

said upwardly curving surface extending to a 
rearwardly and upwardly extending exit chute 
having a weir edge defined at an upper region 
thereof, liquid slung over said weir edge enter- 
ing a collection space; said bladed wheel rotat- 
ed by said drive motor to achieve sufficient 
blade velocity to sweep liquid upwardly and to 
sling said liquid up said exit chute and over said 
weir edge. 

2. The lift station according to claim 1 wherein said 
housing bottom wall is inclined downwardly in the 
direction of movement of outer edges of each of 
said blades. 

3. The lift station according to claim 1 or2 wherein said 
blades are Inclined to be trailing the direction of ro- 
tation so as to be more easily deflected when en- 
countering a solid object. 

4. The lift station according to claim 3 wherein said 
blades extend in a tangential direction from said 
hub. 

5. The lift station according to anyone of claims 1 to 4 
wherein said housing further includes a return sur- 
face disposed below said exit chute, curving down- 
wardly and back towards the direction of rotation of 
said blades to redirect any liquid not reaching said 
weir edge to flow in the direction of rotation of said 
bladed wheel. 

6. The lift station according to claim 1 to 5 wherein said 
hub structure comprises a drum, said blades at- 
tached to the perimeter thereof extending in a tan- 
gential direction. 

7. The lift station according to claim 1 to 6 wherein said 
blades are resiliently deflectable to accommodate 
large objects in said liquid flow. 

8. The lift station according to claim 7 wherein said 
blades are attached with an intervening resilient 
pad to allow said deflection thereof. 

9. The lift station according to claim 1 to 8 further in- 
cluding a sloping discharge chute located below 
said weir edge to receive liquid passing over said 
weir edge, and to collect and redirect the same to a 
collection vessel. 

10. The lift station according to claim 9 further including 
filtration apparatus and a pump connected to said 
collection vessel circulating liquid thereinto said fil- 
tration apparatus. 

11. The lift station according to claim 10 further includ- 
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ing a chip shredder/conveyor disposed in said dis- 
charge chute for reducing the size of debris in said 
chute and conveying the same into said storage 
vessel. 

12. In combination with a machine tool Installation com- 
prised of a series of machine tools and a collection 
trough extending beneath said machine tools, a lift 
station comprising: 

a housing having an inlet opening connected to 
said channel to receive said flowing stream of 
liquid onto a bottom wall of said housing; 
a bladed wheel rotatably mounted within said 
housing and a drive motor for rotating said blad- 
ed wheel therein; 

said bladed wheel having a plurality of tangen- 
tially extending blades anached to a hub struc- 
ture, said blades generally conforming to the 
cross sectional shape of an interior shape in 
said housing receiving said stream of flowing 
liquid and rotated in the same direction of said 
stream flow, said blade each having an outer 
edge passing over said bottom surface and 
sweeping said liquid in said stream therealong; 
said housing interior space defined by a wall 
surface curving upwardly along the path which 
said outer edges of each of said blades move 
so as to enable liquid to be swept therealong 
and upwardly by rotation of said bladed wheel; 
said upwardly curving surface extending to a 
rearwardly and upwardly extending exit chute 
having a weir edge defined at an upper region 
thereof, liquid thrown off said blades and slung 
over said weir edge entering Into a holding 
space connected to said exit chute; said bladed 
wheel rotated by said drive motor to achieve 
sufficient blade velocity to throw liquid upwardly 
into said exit chute and over said weir edge. 

13. A method of raising the level of a stream of liquid 
flowing down on inclined bottom collection trough 
extending beneath a machine tool installation to col- 
lect cutting fluid and chips, comprising the step of: 

guiding said flowing liquid stream into a housing 
having a bottom surface configured to receive 
said liquid stream; 

successively sweeping each of a plurality of 
blades into said liquid flow stream to sweep liq- 
uid and chips along said housing bottom sur- 
face and up a curving wall surface, sweeping 
said liquid and chips from said blades upwardly 
and back into an exit chute, and over a weir 
edge located in said exit chute, and collecting 
said liquid and chips passing over said weir 
edge in a collection tank. 
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1 4. The method of claim 1 3 wherein said blades are ori- 
ented tangentially with respect to a rotational axif 
and rotated with sufficient velocity to cause liquic 
and chips to be thrown off said blades and upwardly 
through said exit chute and over said weir edge. 5 
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